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ABSTRACT

Introduction: Loss of abdominal wall substance (LAWYS) is clinically and surgically im-
portant because of its high incidence, the distress it causes, and the high cost of its current
treatments. Recently, new techniques have been developed to treat LAWS, including the
creation of flaps and use of biocompatible synthetic materials. The aim of this randomi-
zed uncontrolled experimental study was to assess the suitability of hemicellulose film
for LAWS repair in rats. Methods: Forty female Wistar EPM III rats were divided into 4
groups (I-IV) of 10 animals each. All the animals received general anesthesia with 40 mg/kg
intraperitoneal thiopental sodium. A 2.0 x 3.0 cm area of muscle-aponeurotic tissue and
peritoneal damage was created in the anterior abdomen of every rat. Fifteen 2.0 X 3.0 cm
hemicellulose films soaked in 0.9% saline were affixed in overlapping layers to the adjacent
muscle walls with 8 separate 5-0 nylon sutures, and the skin and panniculus carnosus were
synthesized by placing continuous 5-0 nylon sutures. The animals in groups I, II, III, and
IV were euthanized after 3, 28, 35, and 240 days, respectively. Conclusion: Hemicellulose
film is effective for repairing LAWS in rats.

Keywords: Abdominal wall/surgery. Implants, experimental. Rats. Histology.

RESUMO

Introducao: As perdas de substancia da parede abdominal (PSPA) revestem-se de impor-
tancia clinica e cirurgica em func¢do da alta frequéncia com que ocorrem, do sofrimento que
produzem e do alto custo dos tratamentos atualmente ministrados. Nos tltimos anos, tem-se
observado o desenvolvimento de novas técnicas para a resolucao das perdas de substancia
da PSPA, entre as quais se incluem a realizag@o de retalhos e o uso de materiais biocompa-
tiveis e sintéticos. Método: Esse estudo experimental aleatério e ndo controlado avaliou o
uso da hemicelulose para a reparagdo das PSPA em 40 ratos Wistar EPM III, fémeas. Os
animais foram divididos em quatro grupos experimentais de estudo: I (n=10), II (n=10),
III=(n=10) e IV (n=10). Todos os animais foram submetidos a anestesia geral utilizando-se
o tiopental sodico, via intraperitonial. Foi provocada uma lesdo de 2,0 x 3,0 cm no tecido
musculo-aponeurdtico e peritonio da regido anterior do abdome. A aposigdo da pelicula
de hemicelulose sobre a lesdo foi realizada superpondo-se 15 peliculas de 2,0 x 3,0 cm,
umedecidas em soro fisiologico a 0,9%. A pelicula foi fixada a parede muscular adjacente e,
em seguida, foi realizada a sintese da pele e paniculo carnoso por meio de sutura continua
com fio de nailon de niimero cinco zeros. A eutandsia dos animais dos grupos I (n=10), II
(n=10), IIT (n=10) e IV (n=10) foi realizada apds 3, 28, 35 e 240 dias, respectivamente.
Conclusio: Esse estudo concluiu que a hemicelulose foi eficiente em reparar as grandes
perdas da parede abdominal em ratos.

Descritores: Parede abdominal/cirurgia. Implantes experimentais. Ratos. Histologia.
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INTRODUCTION

Loss of abdominal wall substance (LAWS) is clinically
and surgically important because of its high incidence, the
distress it causes, the bacterial growth in many cases, and the
high cost of the current treatments.

A challenge for surgeons today is the ability to close the
abdominal wall when the margins of the muscle-aponeurotic
flap are widely separated'. The extensive tissue loss after
trauma or tumors, swollen extrusion of the viscera through
the site of injury, and weakening of the abdominal wall by
infection are some factors limiting the success of primary
closure of LAWS. Consequently, wound dehiscence, incisio-
nal hernia, and evisceration may occur. To minimize the risk of
such complications, many surgeons do not perform primary
closure of the lesion, some await full homeostatic stabiliza-
tion of the patient, and others prefer primary closure by suturing
to avoid sequelae such as heat and fluid loss, hypermetabo-
lism, and occurrence of enteral fistula®.

Recently, new techniques have been developed for LAWS
repair, including the creation of flaps and use of biocom-
patible synthetic materials®®. At present, prostheses derived
from biocompatible synthetic materials are frequently used
to reconstruct the abdominal wall, mainly because of the
simplicity of the surgical procedure and reduced need for
additional surgeries, making such reconstruction the proce-
dure of choice in many countries®’.

Materials for treating LAWS have been the subject of
research since the late nineteenth century, when Witzel used
a silver prosthesis for reconstructing the abdominal wall®.
Burke’ introduced tantalum, but this material was abandoned
after evidence of its tendency for fragmentation and frequent
complications such as small intestinal fistula formation, ul-
ceration, and extrusion of metal fragments through the peri-
toneum and skin'®. Since the 1950s, a variety of synthetic
polymers have been available: polyethylene terephthalate
(Dacron®)''; monofilament polypropylene (Marlex®) and
double-stranded polypropylene (Prolene®)'?; nonporous
multifilament polytetrafluoroethylene (Teflon®), which was
abandoned soon after; and expanded polytetrafluoroethy-
lene (ePTFE), which is porous and causes less foreign body
reaction®. Later, PTFE was developed into a form marketed
as Gore-Tex®®, which is also used for reconstructing the ab-
dominal wall.

The international literature describes many other materials
for LAWS repair: multifilament polyester (Mersilene®)'*; com-
pounds of lactic, glycolic, and polyglycolic acids, polyglactin,
and their variants (Vicryl®)!*!5, derived from collagen'®; mono-
filament polyamide (nylon)'”; porcine small intestinal submu-
cosa'®; bovine pericardium treated with glutaraldehyde'?;
combination of polypropylene and polyglactin 910 (SHM)S;
total skin autologous graft®; dehydrated human dura mater

(Tutoplast®)?*?!; combination of polypropylene and ePTFE
(Bard Composix)**; polyvinylidene fluoride (PVDF)?; polyu-
rethane coated with polyethylene (polyester composite)**; and
combination of polypropylene and polyglactin multifilament
(Vypro 1I)".

Despite the large number of available synthetic biocom-
patible materials, the various materials used in medicine have
more specific disadvantages than advantages®, such as intes-
tinal adhesion to the prosthesis, some degree of inflammatory
response and fibroplasia, resorption of the material, encapsula-
tion, and tumor development after implantation of the material.
These common factors influence the choice of prosthesis and
encourage research on new materials.

Hemicellulose film, developed throughabiotechnological
process, was registered and patented in 1990 (DIMED/MS
8306340 Brazil) by Lauro Xavier Filho and Paulo Margal de
Queiroz, and its application was recognized soon thereafter
by Solas et al.>* It is currently used as a temporary replace-
ment of human skin in superficial lesions after burns and
bruises?. The aim of this study was to assess the suitability
of hemicellulose film for LAWS repair in rats.

METHODS

This randomized uncontrolled experimental study was
performed at the Animal Center of the Universidade Federal
de Alagoas (UFAL).

The hemicellulose film under study was obtained from
cultures of Acetobacter xylinum, Saccharomyces cerevisiae,
and Saccharomyces pombe. It is composed of glucosamine,
N-acetyl-galactosamine, amino acids, and carbohydrates; has
no additives or chemical modifications; is cream colored,
with a tendency toward white; has an average thickness of
0.05 mm; isresistant to tensile strength; has an average degree
of flexibility; is heat resistant up to 150°C; and has an uneven
surface allowing limited gas exchange (Figure 1).

Forty female Wistar EPM III rats aged 4-6 months and
weighing 200-300 gm were used. The animals were kept
indoors, properly cooled at 22°C under artificial light, and
received water and food ad libitum. They received daily
care, their cages were changed twice weekly, and they were
observed for at least 15 days before the experiments, as recom-
mended by Federal Law 6638.

The animals were randomly divided into 4 distinct groups
(I-1V) of 10 rats each, as shown in Table 1. The following
experimental procedures were then performed: anesthesia,
surgery, and euthanasia.

Anesthesia

Before the experimental procedures, the animals were pro-
perly weighed on an electronic scale (Filizola MF3). All animals
received general anesthesia with 40 mg/kg intraperitoneal
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Figure 1 — Hemicellulose film.

thiopental sodium (1 gm powder diluted in 40 ml of 0.9%
sterile saline). Induction was achieved in about 10 min, and
anesthesia lasted for around an hour. For prolonged surgery,
quarter of the initial anesthetic dose was injected. After anes-
thesia, the animal was fixed in the supine position on a 20
x 30 cm cork board by using adhesive tape. The abdominal
hair was manually epilated, and antisepsis was ensured using
povidone-iodine detergent.

Surgery

The surgical procedure was initiated by a longitudinal
midline incision from the xiphoid process to the lower por-
tion of the rectus abdominis of the animal. The skin and
panniculus carnosus were separated from the abdominal wall
muscles, and 1 cm below the xiphoid process, an injury site

Table 1 — Experimental groups and surgical procedures.

Group Number of
(n=10/ Surgery days after
group) euthanasia

Hemicellulose film placed over the
I experimental lesion in the 3
anterior abdomen

Hemicellulose film placed over the
1I experimental lesion in the 28
anterior abdomen

Hemicellulose film placed over the
I experimental lesion in the 35
anterior abdomen

Hemicellulose film placed over the
v experimental lesion in the 240
anterior abdomen

previously demarcated witha2.0x 3.0 cm template (2 cm wide
laterolaterally and 3 cm long craniocaudally) was created by
removing a similar-sized fragment of muscle-aponeurotic
tissue and peritoneum of the anterior abdomen (Figure 2).
Fifteen 2.0 x 3.0 cm hemicellulose films soaked in 0.9%
saline were affixed in overlapping layers to the site of injury
(Figure 3). The films were fixed to the adjacent muscle walls
with 8 separate 5-0 nylon sutures (Figure 4). Subsequently,
the skin and panniculus carnosus were synthesized by conti-
nuous suturing with 5-0 nylon thread.

All the animals were examined daily after the surgery for
infection, abdominal herniation, dehiscence, serous secre-
tion, and bruises.

Euthanasia

Before euthanasia, containers with lids containing 50 ml of
10% formalin were prepared for preserving tissue specimens
of the anterior abdomen. These containers were properly
identified with labels including the following data: species,
identification code for the animals (marking of the animal
ear), date of birth, date of surgery, type of surgery with a
description of the surgery, weight on the day of surgery, date
of euthanasia, weight after euthanasia, and identification of
the blade used for the anatomopathological examination.

Each animal was euthanized with 80 ml of intraperitoneal
sodium thiopental, and after death, the body was weighed by
using a digital scale. Subsequently, the abdominal fragment
containing the area of study was removed while preserving
the tissue integrity. Each fragment was immersed in saline
solution for cleaning and soon thereafter placed, with the film
side up, in the appropriately labeled container with formalin.

The animals in groups I, I, II1, and IV were euthanized
after 3, 28, 35, and 240 days, respectively. Thereafter, all
the animals were again observed for signs of wound infec-
tion, herniation, dehiscence, serous secretion, bruises on the

Figure 2 — Experimental tissue damage (2.0 x 3.0 cm)
in the anterior abdomen.
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Figure 3 — Specimen of the muscle-aponeurotic tissue and
peritoneum of the anterior abdomen and affixation of
hemicellulose film measuring 2.0 x 3.0 cm.

Figure 4 — Hemicellulose film (moistened with saline)
placed over the lesion and affixed to the
adjacent muscle wall.

anterior abdomen, and film adhesion to the viscera. Subse-
quently, the abdominal fragments were preserved in 10%
formalin and sent to the Department of Pathology, University
Hospital, UFAL, for analysis.

The macroscopic and microscopic analyses of the abdo-
minal fragments containing the films were conducted by a
single researcher and pathologist of the University Hospital
(UFAL). All results of the anatomopathological examina-
tions were evaluated by the same team members, who filled
individual questionnaires with all the macroscopic and mi-
croscopic data of the animals (Table 2).

Tissue sections were obtained from paraffin-embedded
tissue blocks. In this process, tissue blocks were dehydrated
in ethanol and 3- to 4-mm-thick sections were obtained by
using a microtome (Jung/Reisterstown). Tissue staining was
performed with hematoxylin and eosin for epithelial cells,

Gomori’s trichrome for collagen and connective tissue,
Verhoeff stain for elastic fibers, and silver impregnation for
reticular fibers (reticulin).

The results were evaluated on the basis of the macros-
copic and microscopic analyses of inflammatory reactions
in response to the film, presence of granulation tissue, film
resorption, neovascularization, fibroplasia, film adherence to
the viscera, encapsulation, and tumor development.

Statistical Methods

Epi-Info 2002, software developed by the Centers for Di-
sease Control and Prevention (Atlanta, GA, USA), was used
for the database and statistical analysis at the level of 95%.

Scores were applied to the results of the categorical varia-
bles (Table 3). Hypothesis H  (equal), from the scores of each
variable in the groups, was tested by ANOVA when Bartlett’s
test indicated homoscedasticity; otherwise, the Kruskal-
Wallis test was applied at the 95% confidence interval. The
linear regression with scatter plot was generated to evaluate
correlations between the variables.

Table 2 — Questionnaire for macroscopic and
microscopic analyses.

Group: Rat: Blade: Euthanasia:

Macroscopic evaluation (after euthanasia)

1. Infection in the surgical wound: ( ) yes ( )no

2. Presence of abdominal hernia: ( )yes ( )no

3. Presence of dehiscence in the anterior abdomen: ( ) yes ( )no
4. Presence of serous fluid: ( ) yes ( )no

5. Presence of hematoma: ( ) yes ( )no

Microscopic evaluation
1. Degree of inflammation:

( )mild+ ( ) moderate/++ ( ) intense/+++
2. Degree of granulation:

( )mild+ ( ) moderate/++ () intense/+++
3. Degree of fibroplasia:

( )mild/+ ( ) moderate/++ ( ) intense/+++
4. Extent of film resorption:

( )absent ( )incomplete ( ) complete
5. Degree of neovascularization:

( )mild/+ ( ) moderate/++ ( ) intense/+++
6. Film adherence to the viscera: () yes () no
7. Encapsulation: ( ) yes ( )no

8. Tumor development: ( ) yes ( )no
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RESULTS

The animals in groups I and II showed no infection,
abdominal herniation, dehiscence, hematoma, and serous
secretion. In group 111, one rat developed dehiscence and two
animals had serous secretion. In group IV, one case each of
dehiscence and serous secretion were noted (Table 4).

The results of the microscopic evaluations are presented
in (Table 5 and Figures 5 to 15).

Film adhesion to the viscera, encapsulation, and tumor
development were not scored.

Figures 5 to 10 demonstrate that inflammation decreased
over time, granulation was more prevalent in groups [T and I1I,
fibroplasia increased over time, film resorption was complete
in group IV, intestinal adhesion was absent in groups I and

Table 3 — Scores for the categorical variables.

Variable Original category Score
Inflammation Absent 0
Granulation Mild/+ 1
Fibroplasia Moderate/++ 2
Film resorption Intense/+++ 3

IIT and hardly present in groups II and IV, and encapsulation
was clearly present in groups II-IV.

ANOVA confirmed that the differences in the parameters
between the groups were significant: inflammation, granu-
lation, fibroplasia, and film resorption were more intense in
groups I, II, IV, and IV, respectively.

DISCUSSION

LAWS is still a major public health problem and the ideal
material to repair the abdominal wall remains a challenge in
modern surgery. The characteristics of the ideal material were
postulated by Scales in 1953 and later described by Roa?".
According to Scales, the ideal replacement of human tissue
should not cause inflammatory reaction, foreign body reac-
tion, hypersensitivity reaction, and carcinogenesis; should
be chemically inert and be able to endure stresses and tensile
strength; should be sterilizable; should not be modified by
tissue conditions; and should be manufacturable in series?’.

The objective of this experimental study was to assess the
ability of hemicellulose film to repair part of the abdominal
wall of rats. However, the tensile strength of the film and
the stiffness and motility of the intestines were not studied;
further, no device was used to induce abdominal infection.
The study focused on individual assessments of the micros-
copic and macroscopic aspects of hemicellulose film affixed
to the damaged area of the abdominal wall (experimentally
induced LAWS) of female Wistar EPM III rats (n=40).

Table 4 — Macroscopic evaluation of the groups.

Group Rat Infection

Abdominal hernia

Dehiscence Serous secretion Hematoma
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Continuation of Table 4

Group Rat

Infection

Abdominal hernia

Dehiscence

Serous secretion

Hematoma

i 5

I 5

v 6

10

“—” Absent; “+,” Present
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Table 5 — Microscopic evaluation of the groups.

Variable Category Frequency Percentage (%) Confidence Interval
+ 10 25.0 12.7-41.2
++ 14 35.0 20.6-51.7
Inflammation
+++ 11 27.5 14.6-43.9
Absent 5 12.5 4.2-26.8
+ 12 30.0 16.6-46.5
++ 15 37.5 22.7-54.2
Granulation
+++ 1 2.5 0.1-13.2
Absent 12 30.0 16.6-46.5
+ 1 2.5 0.1-13.2
++ 19 47.5 31.5-63.9
Fibroplasia
+++ 10 25.0 12.7-41.2
Absent 10 25.0 12.7-41.2
Complete 24 60.0 43.3-75.1
Film resorption Incomplete 6 15.0 5.7-29.8
Absent 10 25.0 12.7-41.2
Film adherence No 37 92.5 79.6-98.4
to the viscera Yes 3 7.5 1.6-20.4
No 10 25.0 12.7-41.2
Encapsulation
Yes 30 75.0 58.8-87.3
No 40 100.0 —
Tumor development
Yes 0 — —
I 10 25.0 12.7-41.2
I 10 25.0 12.7-41.2
Group
I 10 25.0 12.7-41.2
v 10 25.0 12.7-41.2

“+,” Mild; “++,” Moderate; “+++,” Intense
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Figure 5 — Group-wise distribution (%) Figure 8 — Group-wise distribution (%)
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Figure 7 — Group-wise distribution (%)
of fibroplasia.

Figure 10 — Group-wise distribution (%)
of encapsulation.
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Figure 11 — Scatter and regression plots comparing the degree
of fibroplasia and extent of film resorption.

Figure 13 — Scatter and regression plots comparing the degrees
of granulation and inflammation.
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Figure 12 — Scatter and regression plots comparing the degrees
of inflammation and fibroplasia.

Hemicellulose film (Bioskin®) consists of glucosamine,
N-acetyl-galactosamine, amino acids, carbohydrates, and
polysaccharides obtained by culture of Acetobacter xylinum,
Saccharomyces cerevisiae, and the Saccharomyces pombe.
Cellulose is an unbranched polymer of glucose residues arran-
ged in a linear chain, where each glucose residue is rotated
approximately 180°. Glucosamine is found in high concen-
trations in the joint space and stimulates the production of
substances for treating inflammatory joint lesions?®. N-acetyl
galactosamine is formed by galactose containing an amino
group together with acetyl obtained by acetylation®. Ace-
tobacter xylinum is a gram-negative bacterium involved
in the synthesis of cellulose and the model organism for
studying enzymes and genes involved in the biosynthesis of
cellulose®. Saccharomyces cerevisiae and Saccharomyces
pombe are fungi that have nuclei scattered in mycelia, do not
have plastids or photosynthetic pigments, and absorb their
nutrition from the culture medium?®.

The film used in this study resembles BioFill®, a cellu-
lose film produced by biosynthesis from bacteria of the

Figure 14 — Scatter and regression plots comparing the degree
of granulation and extent of film resorption.
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Figure 15 — Scatter and regression plots comparing the extent
of film resorption and degree of inflammation.

genus Acetobacter and studied as a biological dressing for
treating burns and abrasions due to trauma or surgery such as
dermabrasion®®32. Cellulose film has been used as a temporary
substitute of human skin. Clinically®, BioFill undergoes
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dehydration and develops a thick brownish crust when placed
over damaged tissue of a bruise or burn. This material is
considered to provide a satisfactory and effective temporary
covering for shallow injuries and small areas of mobility.
Its adhesion to the wound surface decreases pain and blood
and electrolyte loss, and its transparency enables constant
inspection of the wound and prompt treatment if complica-
tions occur. Silva et al.?*, Tucci et al.?*, and Legaz et al.*® used
hemicellulose film and reported findings similar to those of
the studies on BioFill.

The reason for using hemicellulose film (Bioskin®) as
the replacement for the damaged abdominal wall of rats was
to find a low-cost biological material capable of integration
with minimal tissue reactions and minimal adhesion to the
intestines in the immediate or long-term postoperative pe-
riod, without malignant transformation (e.g., metaplasia,
dysplasia, and malignant tumor), and without requiring its
removal in cases of local infection.

Although the use of rats as experimental animals does
not exactly reproduce the situation in humans, Wistar rats
have advantages such as availability, ease of handling, low
cost, and lack of many ethical and bioethical considerations
applied to humans®-’. All the experimental animals were
operated between 4 and 6 months of age while weighing
200-300 gm to minimize the effects of age and weight on
the process of healing and avoid the influence of a negative
metabolic response in the animal®.

Intraperitoneal sodium pentobarbital was chosen as the
anesthetic to minimize the respiratory insufficiency caused
by ethyl ether, because it is as safe as ketamine hydrochlo-
ride?®3** and because it has been extensively used in similar
studies*42,

In all the animals, the average lesion size was 2.0 x 3.0 cm,
including the muscle-aponeurotic tissue of the abdominal
wall. The dimensions of the lesion followed the precepts of
Milton** on scarring and are very close to the dimensions
proposed by Walter et al.'®, Birbilis et al.**, and Hooker et
al.* (3.0 x 4.0 cm) and by Baptista et al.* (2.5 x 2.5 cm).

The weight of the animals, measured individually at the
beginning and end of the experiment, showed the expected
normal changes. The animals in group I (n=10), euthanized 3
days after the surgery, lost weight; those in group II (n=10),
sacrificed after 4 weeks, presented no significant weight loss;
and the animals in groups III (n=10) and IV (n=10) gained
considerable weight. These findings are consistent with the
good health of the animals in the postoperative period.

In all the animals, the films were sutured to the muscle-
aponeurotic tissue with 5-0 nonabsorbable monofilament
nylon, which is considered the most appropriate material®’.
However, Toosie et al.* demonstrated that topical use of
fibrin glue to replace sutures reduces intestinal adherence

®

after the reconstruction of hernias in rats with prostheses.
Fibrin glue was not used in the present study.

The ideal histological method would be the one causing a
minimal shift from the in vivo condition (found immediately
before euthanasia) and allowing maximal detection of all
tissue parameters. The requirement for good pathological
examination is the use of a fixative solution causing the
lowest amount of precipitation, and therefore, all the tissue
specimens were prepared with formaldehyde, allowing the
best results for optical microscopy.

None of the experimental animals presented herniation
of the abdominal wall after the reconstructive surgery. The
macroscopic analysis of the tissue segments containing the
films revealed visceral adhesions in rat 9 of group II and
rats 7 and 9 of group IV, which confirm the results of the
anatomopathological examination and are consistent with
the reports of Cnota et al.> and Jenkins et al.'> Microscopic
analysis revealed that the surgically inserted hemicellulose
films were well accepted by the rats and were capable of
preventing abdominal herniation and maintaining equili-
brium with the surrounding tissues. These findings confirm
that hemicellulose film is a well-tolerated implant material,
as previously described by Roa?’.

Statistical tests were applied to evaluate the scarring out-
come, without comparing hemicellulose film with other mate-
rials used for LAWS repair. The linear regression and scatter
plots (Figures 11-15) showed weak correlations for analyses
involving granulation. This finding is comprehensive because
granulation had the highest score in Group II, without increa-
sing or decreasing consistently over time. The correlations
of the other variables were very good, except the correlation
between film resorption and inflammation, which was good.
The downward trend of the curves between inflammation and
fibroplasia, and between film resorption and inflammation is
an expected phenomenon. The observed regression results are
consistent with the expected features of a healing process
within the limits of normality.

The obtained significant differences confirm that the hea-
ling process after the implantation of hemicellulose film was
satisfactory and evolved without causing abnormalities in the
study groups (I-1V).

CONCLUSION

Hemicellulose film is effective for repairing LAWS in rats.
None of the animals presented herniation of the abdominal
wall. The macroscopic analysis revealed adhesions in rat 9 of
group Il and rats 7 and 9 of group IV, which were confirmed by
the anatomopathological examinations. Microscopic analysis
revealed that hemicellulose film was effective to restrain the
intestinal viscera from herniation.
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